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Abstract 

Granulocyte colony-stimulating factor (G-CSF) induces stem cells to mobilize to the injury site, which have beneficial effect 
on tissue repair. The aim of this study was to investigate the effect of G-CSF on the thin endometrium in rat models. In the 
present study, rats with thin endometrium were divided into 4 groups (experimental group I: administrated with G-CSF 
(40 |ig/kg/d) 4-6 hours post-modeling; control group I: administrated with saline 4-6 hours post-modeling; experimental 
group II: administrated with G-CSF (40 |ig/kg/d) 12 days post-modeling; control group II: administrated with saline 12 days 
post-modeling. The agentia was given once daily and last for 5 days. Endometrial morphology was analyzed by 
Hematoxylin-Eosin staining, and the regeneration of endometrial cells was evaluated by immunohistochemistry and 
western-blot with cytokeratin and vimentin. We found that endometrial thickness and morphology presented a significant 
difference between experimental groups and control groups. No matter when we start with G-CSF, there was a significantly 
thicker endometrium and stronger expression of cytokeratin/vimintin in the experimental groups compared with the 
control groups (P<0.01). There were significant thicker endometrial lining and stronger expression of cytokeratin/vimintin 
in experimental group I than that of experimental group II (P<0.05), but there was no difference in the endometrial lining 
and the expression of cytokeratin/vimintin between the two control groups (P>0.05). In conclusion, G-CSF can promote the 
regeneration of endometrial cells in animal research, especially when the G-CSF was administrated earlier. 
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Introduction 

Well known, both high-quality embryo and receptive endome- 
trium are essential to successful pregnancy. The minimum 
endometrial thickness that may maintain a successful implantation 
is called "threshold thickness". The endometrium that thinner 
than "threshold thickness" is called "thin endometrium" [1],[2]. 
Thin endometrium is an iatrogenic response to the aggression of 
some medical treatment in some cases, such as repeated dilatation 
and curettages, but most of the time the causative agent remains 
unknown. Approximately 0.6%-0.8% of patients cannot reach the 
minimum thickness [3]. Although the researches concerning 
treatment for thin endometrium are quite a few, these efforts 
have yield disappointing results with controversial conclusions. It 
was necessary to explore the innovative intervention for the cure of 
thin endometrium. 

Many researches have indicated that Granulocyte colony- 
stimulating factor (G-CSF) contributed to human production. It 
improves embryo implantation [4-8], affects human decidual 
macrophages [9], ovulation [10], ovarian function [11], and 
granulose cell function [12], improves ovarian response to Gn in 
poor responders [13], reduces unexplained repeated pregnancy 
loss [7], [14], plays a role in the early endometriotic lesions [15], 
and suppresses autoimmunity [16]. Additionally, G-CSF, as a 
biomarker for implantation potential of oocyte/embryo [17], can 
predict the outcome of IVF [18]. A potentially beneficial effect on 



thin endometrium was proposed as it had important role in the 
early endometriotic lesions [15]. So far, two researches have 
suggested the growth-promoting effect of G-CSF on endometrium 
[19], [20]. Whether or not G-CSF can improve the regeneration of 
thin endometrium need further studies with animal or clinical 
trials. 

So, the aim of the present study was to investigate the effect of 
G-CSF on thin endometrium in experimental animals. We 
established thin endometrium rat models by perfusing 95% 
ethanol in uterus as described [21]. Accordingly, G-CSF (40 |ig/ 
kg/d) was administrated subcutaneously after the development of 
models. 12 days later, we evaluated the effect of G-CSF on 
endometrium and investigated the possible mechanism. 

Materials and Methods 

Experimental Animals 

A total of 40 female adult Sprague-Dawley (SD) rats weighing 
220-280 g were maintained in temperature controlled (24°C) 
quarters with free access to food and water. A 14-hour light and 
10-hour dark cycle was maintained. The study was reviewed and 
approved by the Institutional Review Board and the Ethics 
Committee of Xiangya Hospital, Changsha, China. All the animal 
procedures in the present study were approved by the Institutional 
Animal Care and Use Committee. 
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Animal Model 

95 % ethanol has dehydration and protein denaturation efficacy, 
and aspiration and sclerotherapy with 95 % ethanol is an effective 
treatment of ovarian endometromas; we developed thin endome- 
trium rat model according to our previous study [21], in which 
thin endometrium rat model were established successfully without 
obvious adverse effects. Rats were anesthetized with 10% Chloral 
Hydrate (0.4 g/ kg, i.p.) as described by authors [22], [23]. 
Exposed the uterus, clipped each uterine horn with vascular clip, 
and injected 95% alcohol (0.5 mL) into the uterine horn with a 
1 ml syringe with a 16-gauge needle. After modeling, rats were 
placed in temperature and humidity controlled incubation 
chambers untU they awoke. 

Application of G-CSF. Forty female rats were randomly 
divided into four groups with different treatments: (1) G-CSF 
(40 |ig/kg/ d) was administrated subcutaneously daily lasting for 5 
days starting 4 6 hours after modeling (experimental group I, 
n= 10), (2) Saline (40 |ig/kg/d) was administrated subcutaneously 
daily lasting for 5 days starting 4-6 hours after modeling (control 
group II, n=10), (3) G-CSF (40 |Lig/kg/d) was administrated 
subcutaneously daily lasting for 5 days starting 12 days after 
modeling (experimental group II, n= 10), (4) Saline (40 |ig/kg/d) 
was administrated subcutaneously daily lasting for 5 days starting 
12 days after modeling (control group II, n = 10). They were then 
transferred to the cages, and the health condition of the animals 
was monitored every 4-6 hours after surgery. 

Specimen Collection 

All rats were anaesthetized by intraperitoneal injection of 
overdose 10% Chloral Hydrate (1.0 g/kg body weight) at the forth 
estrus phase after injection of G-CSF/Saline. The phases of 
estrous cycle were determined by observing the vaginal smear. 
The uterus were removed and placed into 4% paraformaldehyde 
(PFA) or liquid nitrogen, and waited for further research. 

Hematoxylin-Eosin staining. The sections (10 30 |im) on 
slides were immersed in xylene (10 min, twice), and rehydrated in 
a decreasing ethanol series diluted in distilled water (100%, 100%, 
95%, 95%, 75%, 0%, 1 min each). The sections were rinsed in 
deionized water, stained in hematoxylin for 45 sec, rinsed in 
deionized water, and finally stained in eosin for 1 sec. After the 
color reaction, sections were dehydrated through an ethanol series 
into xylene and mounted using Permount mounting medium 
(Fisher Scientific, PA). The thickness and the morphology of 
endometrium were observed and measured under semi-automatic 
inverted biological microscope (with imaging system, DMI4000B, 
Leica, Germany). 

Immunohistochemistry 

The uterine horns were embedded in paraffin and about 
6 micrometer serial sections were placed on SuperfrostPlus 
microscope slides. Sections were deparaffmized in xylene, rehy- 
drated and rinsed in water. Endogenous peroxidase activity was 
blocked by incubating sections in 0.3% H2O2 in methanol for 
40 min at room temperature. Slides were blocked for 1 h in PBS 
supplemented with 10% normal goat serum. Localization of 
cytokeratin and vimentin proteins was performed by incubating 
section of rat uteri with either rabbit polyclonal antibodies against 
cytokeratin (3.3 |ig/mL) or vimentin (5.0 |ig/mL) over night at 
4°C. Negative controls included substitution of the primary 
antibodies with the same concentration of normal rabbit IgG. 
Sections were incubated with 1:3000 HRP-conjugated goat anti- 
rabbit IgG in 10% goat serum for 1 h at room temperature. 
Sections were then briefly counterstained (10 s) with hematoxylin 
solution (Gill no. 3, Sigma), and examined using a Nikon 



microscope. For each protein studied, the immunohistochemical 
staining was repeated twice at each time point with sections 
obtained from for different rats. The regeneration of endometrial 
cells was analyzed via immunohistochemistry with cytokeratin, 
vimentin and was compared among groups. 

Western Blotting 

The tissues were homogenized in solubilization buffer. The 
homogenate was centrifuged at 10,000 g for 10 minutes at 4°C. 
The supernatant was removed. The protein concentration was 
determined using a detergent-compatible protein assay with a 
bovine serum albumin standard. For detection of cytokeratin and 
vimentin, 20 |Lig of protein from each sample was loaded onto an 
8% SDS-polyacrylamide gel (PAGE) and then transferred to a 
polyvinylidene fluoride (PVDF) membrane. The blots were 
blocked with 5% milk in tris-buffer saline (TBS) buffer and then 
incubated with the primary antibody overnight at 4°C with anti- 
cytokeratin antibodies (1:500) and anti-vimentin antibodies 
(1:500). The membrane was washed with TBS and incubated 
with anti-rabbit IgG (1:3,000). The immunore activity was detected 
using enhanced chemiluminescence (ECL, Amersham). The 
loading and blotting of the amount of protein was verified by 
reprobing the membrane with anti-P-actin antiserum (Sigma, St. 
Louis, MO) and with Coomassie Blue staining. 

Statistical Analysis 

Date was expressed as mean ± standard error. Comparisons of 
parameters among the groups were made by the Student's t-test or 
nonparametric Mann-Whitney test using SPSS 16.0 software (SPSS 
Institute, Inc. Gary, NC). A value of P<0.05 was considered 
statistically significant. 

Results 

Histopathological Observations 

All animals recovered satisfactorily from the procedure. 
Endometrial thickness, superficial epithelia of the endometrium, 
and the number of endometrial glands presented a significant 
difference in experimental group compared with that of control 
group. Histologic evaluation of the uterine in experimental group 
showed intact structure of the endometrial layer characterized by 
increased endometrial thickness, more endometrial glands and 
capillaries, and the uterine horn in control group was completely 
destroyed with extensive necrosis, even coagulative necrosis in 
both the endometrium layer and myometrium layer. 

The endometrial thickness of experiment/ control group I and 
experimental/control group II were as follows: 569.37±37.01 |Lim, 
234.96±37.82 lim, 487.78 ± 19.48 |Lim, 231.21 ± 17.81 jiim, re- 
spectively. Obviously, significantiy thicker endometrial lining was 
observed in experimental group I and experimental group II 
compared with that of the corresponding control groups (P<0.01). 
The endometrial lining was significantly thicker in experimental 
group I than that of experimental group II (P<0.01), and there 
was no significant difference between control group I and control 
group II (P>0.05) (Table 1, Figure 1). 

The Regeneration of Epithelial Cells 

The regeneration of epithelial cells was evaluated by examining 
the expression of cytokeratin with Immunohistochemistry (IHC) 
and Western Blot (WB). Immunohistochemical staining showed 
that cytokeratin expression was mainly localized in the cytoplasm 
of the endometrial epithelium. The expression of cytokeratin in 
experimental group I and experimental group II were significantly 
stronger than that of corresponding control group (P<0.01). The 
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Table 1. Comparison of the endometrial thickness between 
groups (x±s). 





groups 


Uteri (n) 


Endometrial thickness(|im) 


experimental group 1 


20 


569.37 ±37.01*"^ 


control group 1 


20 


234.96±37.82*° 


experimental group II 


20 


487.78±19.48^'^ 


control group II 


20 


231.21 ±17.81^° 


Note: >^P'^P<0.01, °P>0.05. There is significant difference between the 

groups when P<0.05. 

doi:1 0.1 371/journal.pone.0082375.t001 



expression of cytokeratin in the experimental group I was 
significantly stronger than that of the experimental group 
II(P<0.05), but there was no difference between control group I 
and control group II (P>0.05) (Figure 2). 

The result of WB showed that the expression of cytokeratin in 
the experimental groups was significantly stronger compared with 
the control groups (P<0.05). However, there was no significant 
difference between group I and group II when the G-CSF was 
given or not given (Figure 3). 

The Regeneration of Stronnal Cells 

The regeneration of stroma cells was evaluated by examining 
the expression of vimentin with Immunohistochemistry (IHC) and 
Western Blot (WB). Immunohistochemical staining showed that 
Vimentin staining mainly expressed in cytoplasm of endometrial 
stroma cells. The expression of vimentin in experimental group I 
and experimental group II were significantly stronger than that of 
corresponding control groups (P<0.01). The expression of 
vimentin in the experimental group I was significantly stronger 
than that of the experimental group II(P<0.05), but there was no 
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Figure 2. Regeneration of epithelial cells in the endometrium 
immunohistochemical staining with cytokeratin. 2-A: experimen- 
tal group I, 2-B: control group I, 2-C: experimental group II, 2-D: control 
group II. The expression of cytokeratin in experimental group I and 
experimental group II were significantly stronger than that of 
corresponding control groups. The expression of cytokeratin in the 
experimental group I was significantly stronger than that of the 
experimental group II, but there was no difference between control 
group I and control group II (PV, x200). 
doi:10.1371/journal.pone.0082375.g002 

difference between control group I and control group II(i^0.05) 
(Figure 4). 

The result of WB showed that the expression of vimentin in the 
experimental groups was significantly stronger compared with the 
corresponding control group (P<0.05). However, there was no 
significant difference between group I and group II no matter the 
G-CSF was given or not (Figure 3). 

Discussion 

In the present study, we evaluated the therapeutic effect of G- 
CSF on thin endometrium in rats and compared the effect when 
the G-CSF was administrated at two different points in time. In 
clinical practice, acute or chronic thin endometrium usually means 



Vimentin 



CK19 



P -actin 




Figure 1. The morphology observation of the endometrium 
with HE staining of the four groups. 1 -A: experimental group I, 1- 
B: control group I, 1-C: experimental group II, 1-D: control group II. 
Significantly thicker endometrial lining was observed in experimental 
groups compared with the corresponding control groups. The 
endometrial lining was significantly thicker in experimental group I 
than that of experimental group II, and there was no significant 
difference between control group I and control group II (HE, x80). 
doi:10.1371/journal.pone.0082375.g001 



Figure 3. Expression of vimentin and cytokeratin with western 
blot. Group1-4: experimental group I, experimental group II, control 
group I, control group II. The results showed that the expression of 
cytokeratin, vimentin in experimental groups were significantly 
stronger compared with the corresponding control groups, and there 
was no significant difference between group I and group II when the G- 
CSF was given or not given. 
doi:10.1371/journal.pone.0082375.g003 
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Figure 4. Regeneration of stroma cells in the endometrium 
immunohistochemical staining with vimentin. 4-A: experimental 
group I, 4-B: control group I, 4-C: experimental group II, 4-D: control 
group II. The expression of vimentin in experimental group I and 
experimental group II were significantly stronger than that of 
corresponding control groups. The expression of vimentin in the 
experimental group I was significantly stronger than that of the 
experimental group II, but there was no difference between control 
group I and control group II (PV, x200). 
doi:10.1371/journal.pone.0082375.g004 

that the status have been last less than one menstrual cycle or more 
than 3 menstrual cycles, respectively. Considering that rats have 
an estrous cycle every 4-5 days, in our study we evaluated whether 
G-CSF has effect on thin endometrium after less one estrous 
(about 4—6 hours) post-modeling and three estrous cycles (about 1 2 
days, but not exactly 1 2 days, should combine with vaginal smear) 
post-modeling. 

Histologic evaluation of the uterine showed intact structure of 
the endometrial layer characterized by increased endometrial 
thickness, more endometrial glands and capillaries after the 
administration of G-CSF. Our results showed that administration 
of G-CSF subcutaneously have beneficial effects on the regener- 
ation of thin endometrium in rat model, especially when the 
administration of G-CSF was given earlier. On the contrary, 
administration of saline instead of G-CSF has no positive effect on 
the thin endometrium, which showed extensive necrosis, even 
coagulative necrosis in both the endometrium layer and myome- 
trium layer. 

The endometrial thickness was significantly thicker in experi- 
mental group I and experimental group II compared with that of 
the corresponding control groups, which was similar with the two 
studies done by Gleicher N, et al. One study [19] reported 
successful endometrial expansion to at least minimal thickness of 
7 mm after uterine perfusion with G-CSF in four patients 
previously resistant to treatment with estrogen and vasodilators, 
and the other one found direct perfusion of the endometrial cavity 
with G-CSF can improve the thickness of endometrial lining in 21 
IVF women with too thin endometrium ever after treatments [20] . 
Certainly, there were differences between our and their studies. 
One difference was that they found this interesting phenomenon in 
infertile women, whereas we used SD rats. Another difference was 
that the administration of G-CSG by intrauterine cavity perfusion 
in Gleicher's studies, while in our rodent model we administer G- 
CSF s.c. Despite all this, we all found expanded endometrium, 
and all the results indicated that administration with G-CSF via 



uterine cavity perfusion or s.c. would be a promising treatment for 
the currently intractable problem of inadequate, thin endometri- 
um in the near futher. 

The expression of vimentin and cytokeratin evaluated by IHC 
and WB in experimental groups was significantly stronger than the 
control group, and the number of new capillary vessels was 
increased dramatically compared with control groups (date was 
not shown). All these results indicate that the administration of G- 
CSF could improve the regeneration of endometrial cells, 
including epithelial cell, stromal cells, and endothelial cells in rat 
model. 

In the present study, we not only showed the effective of G-CSF 
on thin endometrium, but also explored the possible mechanisms 
underlying therapeutic effects of G-CSF.. Recently, adult stem 
cells have been identified in the endometrium. Regeneration of the 
endometrial cells may result from proliferation and differentiation 
of stem cells that were shown to be present in the endometrium 
[24] . If resident endometrial stem/ progenitor cells were damaged 
or lost, particularly if the basalis layer was involved, the 
endometrium would be thin and atrophic with inactive glands 
and scant poorly vascularised stroma [25]. 

G-CSF was known as a powerful regulator of white blood cell 
proliferation and differentiation in mammals. Bone marrow stem 
cells and peripheral blood stem cells could be mobilized effectively 
by G-CSF. Some studies showed that administration of 40 jig/kg 
G-CSF for 5 days could mobilize bone marrow-derived cells 
(BMSCs) to peripheral blood the mostly effectively, and then these 
cells could differentiate into epithelial cells [26-29]. So the present 
study also choosed to apply G-CSF for 5 consecutive days. 
Treatment with the cytokine G-CSF, known to mobilize bone 
marrow hematopoietic stem cells (HSCs) [30], also caused 
dormant HSCs to proliferate. Based on previous research, we 
postulated that the G-CSF could promote bone marrow stem cell 
mobilization, proliferation, migration, and differentiation that may 
be involved in endometrial regeneration. 

In addition, G-CSF may induce anti-apoptotic proteins and 
inhibit apoptotic process of endometrial cells. G-CSF may also 
reduce apoptosis of endothelial cells and increase vascularization 
in the thin endometrium, further protecting against ischemic 
injury [31]. 

Moreover, the process of modeling was similar to the local 
injury in clinical practice. Although experimental study using 
animal has difference with clinical practice, local injury to the 
endometrium may also evoke injury-induced inflammatory, and 
secrete growth factors, chemokines and chemotactic factors, which 
may promote homing of stem cells that mobilized by G-CSF and 
induce differentiation in microenvironment as homing induction 
[32]. 

Furthermore, in both animal experiments and clinical trials, G- 
CSF promoted follicle development in new-born rats and 
improved pregnancy rates in ovary poor responders [33], [34]. 
Therefore, it was suggested that G-CSF may also improve ovarian 
response and promote the regeneration of endometrium in turn. 

However, the beneficial effect of G-CSF on thin endometrium 
was weakened by delayed administration of the G-CSF. Our result 
showed the thinker of endometrial lining and the weaker 
expression of vimentin and cytokeratin the experimental group 
II. It was proposed that administration of G-CSF 12 days post- 
modeling could not mobilize stem cells to regenerate endometrial 
cells because the inflammation induced by the modeling was 
diminished progressively. 
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Conclusions 

G-CSF can promote the regeneration of endometrial cells in 
animal research, and may be a promising new tool for the 
currently intractable problem of inadequate, thin endometrium. 
Further study is needed to evaluate whether the G-CSF could 
improve the endometrial receptivity and explore the exact 
mechanism of the effects of G-CSF on thin endometrium. 



Author Contributions 

Conceived and designed the experiments: JZ TT. Performed the 
experiments: JZ TT. Analyzed the data: JZ TT. Wrote the paper: JZ 
TT. Ultrasound examination: TT. Revised the manuscript: JZ TT YW 
QZ YL. Acquisition of data: JZ. Supervised experiments: YL. Interpre- 
tation of data: JZ TT YW QZ. Helped to draft the manuscript: YL. Read 
and approved the final version of the manuscript: YL JZ TT QZ YW. 



Aclcnowledgments 

The authors thank everyone in the department of Reproductive Medicine 
in the Center South University Xiangya Hospital for their scientific advice 
and encouragement. 



References 

L Basir GS, O WS, So WW, Nq EH, Ho PC (2002) Evaluation of cycle-to-cycle 
variation of endometrial responsiveness using transvaginal sonography in women 
under-going assisted reproduction. Ultrasound Obstet Gynecol 19: 484-489. 

2. McWilliams GD, Frattarelli JL (2007) Changes in measured endometrial 
thickness predict in vitro fertilization success. Fertil Steril 88: 74-81. 

3. Al-Ghamdi A, Coskun S, Al-Hassan S, Al-Rejjal R, Awartani K (2008) The 
correlation between endometrial thickness and outcome of in vitro fertilization 
and embryo transfer (IVF-ET) outcome. Reprod Biol Endocrinol 6: 37. 

4. Spandorfer SD, Barmat LI, Liu HC, Mele C, Veek L, et al. (1998) Granulocyte 
macrophage-colony stimulating factor production by autologous endometrial co- 
culture is associated with outcome for in vitro fertilization patients with a history 
of multiple implantation failures. Am J Reprod Immunol 40: 377-381. 

5. Robertson SA, Roberts GT, Farr KL, Dunn AR, Seamark RF (1999) Fertility 
impairment in granulocyte-macrophage colony-stimulating factor- deficient 
mice. Biol Reprod 60: 251 261. 

6. Wurfel W (2000) Approaches to a better implantation. J Assist Reprod Gen 17: 
473. 

7. Carter D, inventor (2009) Compositions and methods for reducing the likelihood 
of implantation failure or miscarriage in recipients of artificial insemination. US 
patent application 0226397 Al. September 10. 

8. Clark DA (2003) Is there any evidence for immunologically mediated or 
immunologically modifiable early pregnancy failure. J Assist Reprod Gen 20: 
63-72. 

9. Narahara H, Mine SI, Kawano Y, Johnston JM, Miyakawa I (2003) Effects of 
colony-stimulating factors on the secretion of platelet-activating factor 
acetylhydrolase by human decidual macrophages. Fertil Steril 188: 157 161. 

10. Yanagi K, Makinoda S, Fujii R, Miyazaki S, Fujita S, et al. (2002) Cyclic 
changes of granulocyte colony-stimulating factor (G-CSF) mRNA in the human 
follicle during the normal menstrual cycle and immunolocalization of G-CSF 
protein. Hum Reprod, 17: 3046-3052. 

11. Salmassi A, Schmutzler AG, Huang L, Hedderich J, Jonat W, et al. (2004) 
Detection of granulocyte colony-stimulating factor and its receptor in human 
follicular luteinized granulosa cells. Fertil Steril 81(Suppl 1): 786-791. 

12. Zhang Z, Fang Q, Wang J (2008) Involvement of macrophage colony- 
stimulating factor (M-CSF) in the function of the follicular granulosa cells. Fertil 
Steril 90: 740-754. 

13. Takasaki A, Ohba T, Okamura Y (2008) Clinical use of colony-stimulating 
factor- 1 in ovulation induction for poor respondcrs. Fertil Steril 90: 2287-2292 

14. Scarpellini F, Sbracia M (2009) Use of granulocyte colony stimulating factor for 
the treatment of unexplained recurrent miscarriage: a randomized controlled 
trial. Hum Reprod 24: 2703-2708. 

15. Jensen JR, Witz CA, Schenken RS, Tekmal RR (2010) The potential role for 
colony-stimulating factor 1 in the genesis of the early endometriotic lesion. Fertil 
Steril 93: 251-256. 

16. Dieckgraefe BK, KorzenikJR (2002) Treatment of active Crohn's disease with 
recombinant human granulocyte-macrophage colony-stimulating factor. Lancet 
360: 1478-1480. 



17. Ledee N, Lombroso R, Lombardelli L, Selva J, Dubanchet S, et al. (2008) 
Cytokines and chemokines in follicular fluids and potential of the corresponding 
embryo: the role of granulocyte colony-stimulating factor. Hum Reprod 23: 
2001-2009. 

18. Salmassi A, Schmutzler AG, Schafer S, Koch K, Hedderich J, et al. (2005) Is 
granulocyte colony stimulating factor level predictive for human IVF outcome? 
Hum Reprod 20: 2434-2440. 

19. Gleicher N, Vidali A, Barad DH (2011) Successful treatment of unresponsive 
thin endometrium. Fertil Steril 95: 2123.el3 el7. 

20. Gleicher N, Kim A, Michaeli T, Lee HJ, Shohat-Tal A, et al. (2013) A pilot 
cohort study of granulocyte colony-stimulating factor in the treatment of 
unresponsive thin endometrium resistant to standard therapies. Hum Reprod 
28:172-177. 

21. Zhao J, Gao H, Li YP (2012) Development of an animal model for thin 
endometrium using 95% ethanol. J Fert In Vitro 4: 1-4. 

22. Mereu G, Fabio F, Gessa GL (1984) Ethanol stimulates the firing rate of nigral 
dopaminergic neurons in unanesthetized rats. Brain Research 292: 63-69. 

23. Harvey BK, Aravaara M, Hinzman J, Wires EM, Chiocco MJ, et al. (2011) 
Targeted Over- Expression of Glutamate Transporter 1 (GLT-1) Reduces 
Ischemic Brain Injury in a Rat Model of Stroke. PLOS ONE 6: e22135. 

24. Gargett CE, Masuda H (2010) Adult stem cells in the endometrium. Mol Hum 
Reprod 16: 818 834. 

25. Yu D, Wong YM, Cheong Y, Xia E, Li TC (2008) Asherman's syndrome-one 
century later. Fertil Steril 89: 759-779. 

26. Taylor HS (2004) Endometrial cells derived from donor stem cells in bone 
marrow transplant recipients. J Am Med Assoc 292: 81-85. 

27. Bratincsak A, Brownstein MJ, Cassiani-Ingoni R, Toth ZE, Key S, et al. (2007) 
CD45-Positive Blood Cells Give Rise to Uterine Epithelial Cells in mice. Stem 
Cells 25: 2820-2826. 

28. Du H, Taylor HS (2007) Contribution of bone marrow-derived stem cells to 
endometrium and endometriosis. Stem Cells 25: 2082 2086. 

29. Ikoma T, Kyo S, Maida Y, Ozaki S, Takakura M (2009) Bone marrow-derived 
cells from male donors can compose endometrial glands in female transplant 
recipients. Am J Obstet Gynecol 201: 608el-e8. 

30. Lapidot T, Petit I (2002) Current understanding of stem cell mobilization. The 
role of chemokines, proteolytic enzymes, adhesion molecules, cytokines, and 
stromal cells. Exp Hematol 30: 973-981. 

3 1 . Schneider A, Wysocki R, Pitzer C, Kruger C, Laage R, et al. (2006) An extended 
window of opportunity for G-CSF treatment in cerebral ischemia. BMC Biol 4: 
36. 

32. Granot I, Gnainsky Y, Dekel N (2012) Endometrial inflammation and effect on 
implantation improvement and pregnancy outcome. Reprod 144: 661-668. 

33. Wang H, Wen Y, Polan ML (2005) Exogenous granulocyte-macrophage colony- 
stimulating factor promotes follicular development in the newborn rat in vivo. 
Hum Reprod 20: 2749-2756. 

34. Takasaki A, Ohba T, Okamura Y, Honda R, Seki M, et al. (2008) Clinical use of 
colony-stimulating factor- 1 in ovulation induction for poor responders. Fertil 
Steril 90: 2287-2290. 



PLOS ONE I www.plosone.org 



5 



December 2013 | Volume 8 | Issue 12 | e82375 



